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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

IN RE APPLICATION OF: : 

MICHELE MOCK : ATTN: APPLICATION DIVISION 

SERIAL NO: 10/069,961 : 

FILED: March 8, 2002 : 

FOR: ACELLULAR IMMUNOGENIC 

COMPOSITIONS AND ACELLULAR 
VACCINE COMPOSITIONS AGAINST 
BACILLUS ANTHRACIS 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows. 

IN THE CLAIMS 

Please amend the claims as shown in the marked-up copy following this amendment 
to read as follows. 

4. (Amended) The immunogenic composition as claimed in claim 1 , characterized in 
that it also comprises at least one detoxified exotoxin chosen from the group consisting of the 
lethal factor (LF) and the edematogenic factor (EF), which have been detoxified. 



5. (Amended) The immunogenic composition as claimed in claim 1, characterized in 
that the spores are derived from a strain of B. anthracis chosen from the group consisting of 
the following strains: Sterne 7702, RPLC2 (Collection Nationale de Cultures et de 
Microorganismes [National Collection of Cultures and of Microorganisms] held by the 
Institut Pasteur under the number 1-2270, dated July 28, 1999) and RP42 (Collection 
Nationale de Cultures et de Microorganismes held by the Institut Pasteur under the number I- 
2271, dated July 28, 1999). 

6. (Amended) The immunogenic composition as claimed in claim 1, characterized in 
that the protective antigen is chosen from the group consisting of the purified protective 
antigens derived from any wild-type or mutated Sterne strain of B. anthracis, and the 
recombinant protective antigens. 

Please add the following new claims. 

12. (New) The vaccine composition of claim 3, wherein said vaccine composition 
further comprises at least one detoxified exotoxin selected from the group consisting of the 
lethal factor (LF) and the edematogenic factor (EF), which have been detoxified. 

13. (New) The vaccine composition of claim 3, wherein the spores are derived from 
a strain of B. anthracis chosen from the group consisting of the following strains: Sterne 
7702, RPLC2 (Collection Nationale de Cultures et de Microorganismes [National Collection 
of Cultures and of Microorganisms] held by the Institut Pasteur under the number 1-2270, 
dated July 28, 1999) and RP42 (Collection Nationale de Cultures et de Microorganismes held 
by the Institut Pasteur under the number 1-2271, dated July 28, 1999). 
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14. (New) The vaccine composition of claim 3, wherein the protective antigen is 
chosen from the group consisting of the purified protective antigens derived from any wild- 
type or mutated Sterne strain of B. anthracis, and the recombinant protective antigens. 

15. (New) The vaccine composition of claim 14, wherein the protective antigen is 
derived from the RP42 strain (Collection Nationale de Cultures et de Microorganismes 
[National Collection of Cultures and of Microorganisms] held by the Institut Pasteur under 
the number 1-2271, dated July 28, 1999). 



-3- 



REMARKS 

Claims 1-15 are active in the present application. Claims 4-6 have been amended to 
remove multiple dependencies. Claims 12-15 are new claims. Support for the new claims is 
found in the original claims. No new matter is added. An action on the merits and allowance 
of claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 



ul 

Norman F. Obion 
Attorney of Record 
Registration No. 24,618 

Stefan U. Koschmieder 
Registration No. 50,238 
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Marked-Up Copy 

Serial No: ?/ ?±j 

Amendment Filed on: 



IN THE CLAIMS 

-4. (Amended) The immunogenic composition as claimed in claim 1 [either of 
claims 1 and 2, or the vaccine composition as claimed in claim 3], characterized in that it also 
comprises at least one detoxified exotoxin chosen from the group consisting of the lethal 
factor (LF) and the edematogenic factor (EF), which have been detoxified. 

5. (Amended) The immunogenic composition as claimed in claim 1 [either of claims 
1 and 2, or the vaccine composition as claimed in claim 3], characterized in that the spores 
are derived from a strain of B. anthracis chosen from the group consisting of the following 
strains: Sterne 7702, RPLC2 (Collection Nationale de Cultures et de Microorganismes 
[National Collection of Cultures and of Microorganisms] held by the Institut Pasteur under 
the number 1-2270, dated July 2.8, 1999) and RP42 (Collection Nationale de Cultures et de 
Microorganismes held by the Institut Pasteur under the number 1-2271, dated July 28, 1999). 

6. (Amended) The immunogenic composition [or vaccine composition] as claimed in 
ctaim 1 [ an y one of claims 1 to 5], characterized in that the protective antigen is chosen from 
the group consisting of the purified protective antigens derived from any wild-type or 
mutated Sterne strain of B. anthracis, and the recombinant protective antigens. 

Claims 12-15 (New).- 
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ACELLULAR IMMUNOGENIC COMPOSITIONS AND ACELLULAR 
VACCINE COMPOSITIONS AGAINST BACILLUS ANTHRACIS 

The present invention relates to acellular immunogenic 
compositions and also to acellular vaccine compositions 
against Bacillus anthracis , and to the uses thereof in 
human medicine and in veterinary medicine . 

Bacillus anthracis (B. anthracis) , the agent 

responsible for anthrax, or charbon, is an aerobic 
spore- forming Gram-positive bacterium. 

This agent induces an infection either by intradermal 
inoculation or by ingestion or inhalation of the spores 
(Klein F. et al . , (1966), J. Infect. Dis., 116, 
1213-138; Friedlander A.M. et al . , (1993), J. Infect. 
Dis. 167, 1239-1242), the transformation of which into 
vegetative cells, encapsulated and toxinogenic forms, 
allows the bacterium to proliferate and to synthesize 
its virulence factors . 

The inventors have recently shown, in a murine model of 
pulmonary infection with B . anthracis , that alveolar 
macrophages are the primary site of the germination, 
which is rapidly followed by the expression of the 
toxin genes, confirming that the encounter between the 
spore and the host is crucial for the pathogenicity of 
B . anthracis (Guidi -Rontani E; et al . , Molecular 
Biology, (1999) , 31, 9-17) . 

The main virulence factors are : 

the antiphagocytic capsule consisting of poly-y-D- 
glutamic acid (Avakyan A. A. et al . (1965) , J", of 
Bacteriology, 90, 1082-1095) and 

three protein factors which act in paired 
combination. The edematogenic toxin (PA-EF) 
induces an edema after subcutaneous injection, 
whereas the lethal toxin (PA-LF) is responsible 
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for animal death after intravenous injection 
(J.W. Ezzell et al., (1984), Infect. Immun . , 45, 
761-767) . The factor present in both combinations 
is the protective antigen (PA) which is involved 
5 in the binding of toxins to the target cells. The 

other two factors, the edematogenic factor (EF) 
and the lethal factor (LF) , are responsible for 
the manifestation of the toxic effect . 

10 The simultaneous production of the capsule and of the 
of the toxins is essential for the manifestation of the 
pathogenic power. 

The genes encoding the enzymes which synthesize the 
15 capsule are carried by the pX02 plasmid (Green B.D. et 
al., (1985), Infect. Immun., 49, 291-297; Uchida I. et 
al. r (1985), J. Gen. Microbiol., 131, 363-367) and the 
three genes pag, cya and lef , which encode, 
respectively, the PA, EF and LF factors, are carried by 
20 the pXOl plasmid, which was described by Mikesell P. et 
al. [Infect. Immun, (1983), 39, 371-376). 

Although many studies have shown that PA is the main 
antigen responsible for protection in the context of 
25 natural immunization or immunization acquired by 
vaccination, the inventors have shown that LF is also a 
powerful immunogen (Mock M. Annales de l'Institut 
Pasteur [Annals of the Pasteur Institute] December 
1990) . 

30 

In order to clarify the role of the toxin components in 
the toxicity of B. anthracis , the inventors have 
constructed various mutants. Thus, they have 
characterized a strain which lacks the pX02 plasmid and 
35 lacks PA by modification of the pXOl plasmid. Due to 
the absence of PA, this strain is no longer lethal in 
nature (Cataldi A. et al . (1990), Molecular 

Microbiology, 4, 1111-1117) . 
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In order to investigate the elements which may be 
involved in immunization against infection with 
B . ant.hra.cis, the inventors have constructed mutants 
lacking at least one of the toxicity factors 
5 responsible for pathogenicity, i.e. deficient in PA, in 
EF or in LF, or even lacking the pXOl plasmid and also 
lacking the pX02 plasmid. Although lacking toxicity or 
exhibiting attenuated toxicity, the single mutants, in 
particular RP9 (EF- ) (Collection Nationale de Cultures 

10 et de Microorganismes [National Collection of Cultures 
and of Microorganisms] held by the Institut Pasteur 
under the number 1-1094, dated May 2, 1991) and RP10 
(LF-) (Collection Nationale de Cultures et de 
Microorganismes held by the Institut Pasteur under the 

15 number 1-1095, dated May 2, 1991), and the double 
mutant RP 42 (Collection Nationale de Cultures et de 
Microorganismes held by the Institut Pasteur under the 
number 1-2271, dated July 28, 1999) proved to be 
capable of producing antibodies immunoprotect ive 

20 against infection with a wild-type Sterne strain. These 
mutants are described in international application 
No. 92/19720, and in the articles by C. Pezard et al . , 
(Infection and Immunity, (1991) , 59, 3472-3477 and 
J. General Microbiology, (1993), 139, 2459-2463). 

25 

Currently, the veterinary vaccine marketed (Merial®) is 
a live vaccine composed of a suspension of spores of 
the Sterne strain of B . anthracis . Its protective 
efficacy in animals varies depending on the batch, 
3 0 without it being possible to determine the causes of 
these variations. 

This random efficacy, side effects and also the 
potential risk of disseminating live germs in the 
35 environment make its use in humans impossible. 

In human medicine, two vaccines against anthrax, 
essentially developed in Great Britain and in the 
United States, are used. They are acelullar vaccines 
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consisting mainly of the protective antigen (PA) , 
prepared from culture supernatants of the toxinogenic 
Sterne strain of B. anthracis , and of an adjuvant which 
can be used in human medicine, aluminum hydroxide. 

5 

Recent studies on these two vaccines have shown that 
the British vaccine, containing traces of EP and of LF 
which induce an antibody response by ELISA, is more 
efficacious in guinea pigs than the American vaccine, 
10 which apparently lacks these two components 
(Turnbull P.C. et al . , (1991), Vaccine, 9, 533-539). 



However, these two vaccines have a certain number of 
drawbacks : 

15 - the vaccination protocol is restrictive, since it 

requires six injections in eighteen months, 
followed by one booster per year, 

they induce harmful side effects which limit their 
use , 

2 0 - the protection induced by these acellular vaccines 

in animals, against a challenge with a virulent 
strain, is never complete, unlike that obtained 
with the live vaccine. 



25 Given the magnitude of the infections caused by 
B. anthracis , many studies are currently dedicated to 
improving the vaccine so that it does not have the 
drawbacks set out above, but at the same time exhibits 
the same protection as the live vaccine. 

30 

In this context, the inventors have given themselves 
the aim of providing a reliable efficacious acellular 
vaccine free of side effects which overcomes the 
drawbacks of the existing vaccines and the vaccine 
35 properties of which are easy to control. 



Consequently, a subject of the present invention is an 
acellular immunogenic composition capable of inducing 
an immune response against B . anthracis infections, 
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characterized in that it comprises: 
a protective antigen (PA) , 

killed, optionally purified, spores obtained 
either from mutant strains of B . an.thra.cis 
5 carrying one or more mutations chosen from 

mutations in at least one gene encoding a protein 
responsible for a toxic effect, in B. anthracis, 
or from mutant strains of B. anthracis lacking at 
least one of the pXOl and pX02 plasmids, 
10 combined at least with a pharmaceut ically acceptable 
vehicle . 

In an advantageous embodiment of the invention, said 
acellular immunogenic composition is capable of 
15 producing antibodies against B . anthracis . 

A subject of the present invention is also an acellular 

vaccine composition against B . anthracis , characterized 

in that it comprises : 
20 - a protective antigen (PA) , 

killed, optionally purified, spores obtained 
either from mutant strains of B . anthracis 
carrying one or more mutations chosen from 
mutations in at least one gene encoding a protein 
25 responsible for a toxic effect, in B . anthracis, 

or from mutant strains of B . anthracis lacking at 
least one of the pXOl and pX02 plasmids, 

combined at least with a pharmaceutically acceptable 

vehicle and with at least one adjuvant. 

30 

For the purpose of the present invention, the term 
"acellular" means that the immunogenic or vaccine 
composition no longer contains any viable cells (killed 
spores) . 

35 

The adjuvants used are adjuvants conventionally used 
and will, in particular, be either saponin, in the case 
of the veterinary vaccine, or advantageously chosen 
from the group consisting of aluminum hydroxide and 
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squalene, in the case of the human vaccine. 



In the context of the present invention, the spores may 
be killed by any physical or chemical means which leads 
5 to their inact ivat ion . By way of example, mention may 
be made of treatment with formaldehyde or irradiation. 

For the purpose of the present invention, the term 
"mutation" is intended to mean a deletion, modification 
10 or addition in the gene concerned, which results in a 
gene either lacking its ability to produce the 
corresponding protein or capable of producing an 
inactive protein. 



15 According to a particular embodiment of the invention, 
the immunogenic compositions and the vaccine 
compositions may also comprise at least one detoxified 
exotoxin chosen in particular from the group consisting 
of the lethal factor (LF) and- the edematogenic factor 

20 (EF) , which have been detoxified, i.e. which have lost 
their toxic properties. 



These inactivated protein factors may in particular be 
obtained by expressing the genes which have been 
25 mutated in the sequence encoding the active site of 
said protein factors (cya or lef) . 



The immunogenic and vaccine compositions according to 
the invention have, surprisingly, a strong protective 

30 capacity, of the order of 100%, which is clearly 
greater than that obtained with the PA alone or the 
killed spores alone, which makes it possible to obtain 
complete immunization with a single injection under the 
conditions for the veterinary vaccine, and two 

35 injections under the conditions for the vaccine for 
human use . 



According to another advantageous embodiment of the 
immunogenic and vaccine compositions according to the 
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invention, the spores are derived from a strain of 
B. anth.ra.cis chosen from the group consisting of the 
following strains: Sterne 7702 (M. Sterne J". Vet. Sci . 
Anima. Indus t., (1939), 13, 315-317), RPLC2 (Collection 
5 Nationale de Cultures et de Microorganismes held by the 
Institut Pasteur under the number 1-2270, dated July 
28, 1999) and RP42 (Collection Nationale de Cultures et 
de Microorganismes held by the Institut Pasteur under 
the number 1-2271, dated July 28, 1999) . 

10 

In another advantageous embodiment of the immunogenic 
and vaccine compositions according to the invention, 
the protective antigen is chosen from the group 
consisting of the purified protective antigens derived 
15 from any wild-type or mutated Sterne strain of 
B . anthracis , and the recombinant protective antigens, 
in particular that produced by B. suhtilis . 

Advantageously, the protective antigen is derived from 
20 the RP42 strain (Collection Nationale de Cultures et de 
Microorganismes held by the Institut Pasteur under the 
number 1-2271, dated July 28, 1999). 

The subject of the present invention is also the RPLC2 
25 strain deposited with the Collection Nationale de 
Cultures et de Microorganismes held at the Institut 
Pasteur under the number 1-2270, dated July 28, 1999) . 

A subject of the present invention is also the use of 
3 0 at least one antibody directed against the spores 
derived from strains obtained either from mutant 
strains of B . anthracis carrying one or more mutations 
chosen from mutations in at least one gene encoding a 
protein responsible for a toxic effect, in 
35 B. anthracis , or from mutant strains of B. anthracis 
lacking at least one of the pXOl and pX02 plasmids, for 
producing a medicinal product capable of inducing 
passive immunization. In fact, antibiotics are the only 
current treatment against anthrax and must be 
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administered early, before the appearance of the toxic 
shock. Consequently, a serotherapy aimed at both the 
toxins and the spore germination would be a good 
addition . 

5 

The antibodies may be polyclonal antibodies obtained by 
immunizing a suitable animal with the spores derived 
from strains used for preparing the compositions 
according to the invention, under conventional 
10 conditions for preparing such antibodies. 

The antibodies may be monoclonal antibodies obtained in 
a way known per se, in particular by fusing spleen 
cells from mice immunized with an antigen consisting of 
15 spores derived from strains used for preparing the 
compositions according to the invention. 

A subject of the present invention is also purified 
antigenic preparations, characterized in that they are 

2 0 derived from B . anthracis spores and comprise, for 
example, one or more of the exoantigens (proteins of 
spores and of the exosporium) of respective molecular 
weights 15 kDa, 3 0 kDa, 55 kDa, and greater than 
2 00 kDa, said molecular weights being determined using 

25 the AMERSHAM® LMW Electrophoresis Calibration Kit. 

In accordance with the invention, the antigenic 
compositions are obtained by conventional techniques 
known to those skilled in the art. 

30 

The subject of the present invention is also the 
polyclonal or monoclonal antibodies directed against 
said antigen compositions. 

35 The immunogenic and vaccine compositions according to 
the invention may be administered alone or in 
combination with other vaccines, by injection or by any 
route conventionally used for vaccination. 
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The doses to be administered will be determined 
depending on the animal or the person for whom 
protection is being sought. 

5 Other characteristics and advantages of the invention 
appear in the remainder of the description and examples 
illustrated by the figures in which: 

figure 1 represents the immunoblot analysis of the 
spore proteins according to the procedure 

10 described in example 5, 

figure 2 represents the immunoblot analysis of the 
exosporium proteins (A) revelation with a 
polyclonal antibody and a monoclonal antibody 
(35B8) (B) analysis according to the procedure 

15 described in example 5, 

figure 3 represents the various strains of 
B. anthracis used to prepare the RPLC2 strain. The 
RPLC2 strain produces the toxin components 
inactivated by point mutations in the active sites 

20 of the LF (LF686; H686-»a) and EF (EF346/353; 

K346^-Q and K353-»Q) protein. In this figure, the 
numbers which follow A indicate the nucleotides at 
which the deletions begin and end; Erm, Kan and 
Sps indicate the insertion of erythromycin 

25 resistance, kanamycin resistance and spectinomycin 

resistance cassettes; 0 corresponds to an organism 
which has no resistance to these antibiotics. 

EXAMPLE 1 ; Materials and methods for preparing the 
3 0 compositions according to the invention 

1.1. Construction of the RPLC2 strain 

The RPCL2 strain (Collection Nationale de Cultures et 
de Microorganismes held by the Institut Pasteur under 
35 the number 1-2270, dated July 28, 1999) is constructed 
from the strains indicated in figure 3 , according to 
the operating principles described by C. Pezard et al . 
(1993) (reference cited) . 
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1 . 2 Preparation of PA 

The PA protein is prepared from the mutant B. anthracis 
strain RP42 (Collection Nationale de Cultures et de 
Microorganismes [National Collection of Cultures and of 
5 Microorganisms] held by the Institut Pasteur under the 
number 1-2271, dated July 28, 1999) . 

The medium R culture supernatants (Ristroph J . D. et 
al. (1983) Infection and Immunity, 39, 483-486) are 
10 filtered and then concentrated on a Minitan® system 
(Millipore® PLGC OMP membrane) . 

The PA antigen is then purified by ultra-rapid 
chromatography (FPLC) on a monoQ column according to 
15 the protocol described by Pezard C. et al . (1993) 
(reference cited) . 

1.3. Preparation and inactivation of spores 

The spores are prepared from the Sterne 7702 strain 

2 0 according to the procedure described by 

E. Guidi-Rontani et al . (1999) (reference cited). 

The spores are prepared on a solid NBY medium and then 
washed with distilled water. They are inactivated by 
25 treatment with f ormol , at a final concentration of 4%, 
for 3 hours at 3 7 °C. 

After washing by centrif ugat ion, the spores are taken 
up in the initial volume of physiological saline (final 

3 0 concentration of 10 9 spores/ml) . 

This suspension is used to perform the immunization. 

If necessary, in particular when the intention is to 
3 5 prepare a vaccine for human use, the spores may be 
purified before the f ormol treatment, on a 50% to 76% 
gradient of Radioselectran® (Schering S.A.) . 

1 . 4 Preparation of the vaccine compositions 
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The compositions are prepared either from killed spores 
alone, prepared according to the procedure described in 
1.3, or from a mixture of PA (at a concentration such 
that 10 ug per mouse are injected) and of killed spores 
5 (10 8 spores per mouse) , to which either aluminum 
hydroxide at a final concentration of 0.3% or saponin 
at a final concentration of 0.05% is added as an 
ad j uvant . 

10 1.5 Protocol for treating mice 

Six-week-old female Swiss mice supplied by the company 
Iffa-Credo (BP0102-69592 L ' ARBRESLE - Cedex) are used. 

The animals are divided up into groups of six and fed 
15 ad libitum. 

The injections are given subcutaneously into the groin, 
in a volume of 200 ul . 

20 1.6. Titerinq antibody levels 

The antibody levels are titered using a conventional 
ELI SA assay. 

EXAMPLE 2 : Effect of two immunizations under the 

2 5 conditions for the human acellular vaccine (protocol 

No. 1) 

2.1. Treatment of animals 

The injection protocol for each group is as follows: 

3 0 - two injections of vaccine compositions prepared as 

indicated in point 1.4. or of adjuvant (aluminum 
hydroxide) are given 2 8 days apart and 
a challenge injection is given on the 43rd day, 
with the virulent B. anthracis strain 17JB 
3 5 (Pasteur reference strain No. 2) provided by the 

company Rhone - Me r i eux . 

Four groups of animals are immunized according to this 
protocol as follows: 
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the first group receives the aluminum hydroxide 
alone (control group) , 

the second group receives a PA dose of 10 jag per 
mouse , 

5 - the third group receives the spores alone, at 10 8 

spores per mouse, and 

the fourth group receives the PA + killed spores 
mixture so as to have 10 |a.g of PA and 10 8 spores 
per mouse . 

10 

All the groups receive, on the 43rd day, as specified 
above, a challenge dose corresponding to 3 0 times the 
L.D5 0, i.e. 1.5 x 10 4 spores per mouse. 

15 2.2. Results 

The survival rates are given in table I below. 



TABLE I 



Treatment 


Number of 
deaths at the 
4 3rd day 


Percentage 
survival at the 
4 3rd day 


Adjuvant alone 


6/6 


0% 


PA alone 


3/6 


50% 


Killed spores alone 


2/6 


33% 


PA + killed spores 


0/6 


100% 



2 0 These results clearly show that only the vaccine 
compositions according to the invention are capable of 
allowing complete protection. 

EXAMPLE 3 ; Effect of two immunizations under the 
25 conditions for the vaccine for human use (protocol 
No. 2) 

3.1. Treatment of animals 

The injection protocol for each group is as follows: 
30 - two injection of vaccine compositions prepared as 

indicated in point 1.4. or of adjuvant (aluminum 
hydroxide) are given 21 days apart, and 
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a challenge injection is given on the 32nd day, 
with the virulent B. anthracis strain 17JB 
(Pasteur reference strain No. 2) provided by the 
company Rhone -Merieux . 

5 

Four groups of animals are immunized according to this 
protocol as follows: 

the first group receives the aluminum hydroxide 

alone , 

10 - the second group receives a PA dose of 10 yig per 

mouse , 

the third group receives the spores alone, at 10 8 
spores per mouse, and 

the fourth group receives the PA + killed spores 
15 mixture so as to have 10 \ig of PA and 10 8 spores 

per mouse . 

All the groups receive, on the 32nd day, as specified 
above, a challenge dose corresponding to 100 times the 
2 0 LD5 0, i.e. 1.5 x 10 4 spores per mouse. 

3.2. Results 

3.2.1. Survival rates 
25 The results are given in table II below 



TABLE II 



Treatment 


Number of 
deaths at the 
3 2nd day 


Percentage 
survival at the 
32nd day 


Adjuvant alone 


6/6 


0% 


PA alone 


1/6 


83% 


Killed spores alone 


1/7 


85% 


PA + killed spores 


0/6 


100% 



These results clearly show that only the vaccine 
3 0 compositions according to the invention are capable of 
allowing complete protection. 
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3.2.2. Antibody levels 

The levels of antibodies directed against the spores 
are high, of the order of 10 000 to 15 000, and 
identical in the two groups which received them, 
5 whether these spores are alone or combined with PA. 

These results confirm the synergistic effect of the 
compositions according to the invention, which, with an 
antibody level identical to that obtained by injecting 
10 the killed spores alone, allows complete protection. 

EXAMPLE 4 ; Comparison of the efficacy of the vaccine 
compositions according to the invention with the Sterne 
live vaccine, under the conditions for the vaccine for 
15 veterinary use (a single injection using saponin as the 
adjuvant) : challenge with the 17 JB strain 

4.1. Treatment of animals 

The injection protocol for each group is as follows: 
2 0 - one injection of vaccine composition prepared as 

indicated in point 1.4. or of saponin is given on 
DO , and 

a challenge injection is given on the 32nd day, 
with the virulent B. an.thra.cis strain 17 JB 

2 5 (Pasteur reference No. 2) provided by the company 

Rhone -Merieux . 

Five groups of animals are immunized according to this 
protocol as follows: 

3 0 - the first group receives saponin alone (control 

group) , 

the second group receives a PA dose of 10 ug per 
mouse , 

the third group receives the spores alone, at 10 8 
3 5 spores per mouse, 

the fourth group receives the PA + killed spores 
mixture so as to have 10 ug of PA and 10 8 spores 
per mouse, and 

the fifth group receives the Sterne live vaccine 
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prepared at the Institut Pasteur. 

All the groups receive a challenge dose corresponding 
to 100 times the LD50, i.e. 10 5 spores, on the 32nd 
5 day . 

4.2. Results 

They are given in Table III below. 
10 TABLE III 



Treatment 


Number of 
deaths at the 
3 2 nd day 


Percentage 
survival at the 
32nd day 


Adjuvant alone 


6/6 


0% 


PA alone 


1/6 


83% 


Live spores 


0/6 


100% 


Killed spores alone 


4/6 


33% 


PA + killed spores 


0/6 


100% 



These results clearly show that the vaccine 
compositions according to the invention are as 
efficacious as the live vaccine and may, consequently, 
15 advantageously be used as a veterinary vaccine. 

EXAMPLE 5 : Immunoblot analysis of the B . anthracis 
spore proteins 

20 5.1. Materials and methods 

5.1.1. Preparation of the polyclonal and monoclonal 
antibodies 

A polyclonal serum from mice immunized with killed 

2 5 spores derived, for example, from the RPLC2 strain 

(Collection Nationale de Cultures et de Microorganismes 
[National Collection of Cultures and of Microorganisms] 
held by the Institut Pasteur under the number 1-2270, 
dated July 28, 1999) is prepared according to 

3 0 conventional techniques known to those skilled in the 

art . 
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The monoclonal antibody specific for the spore surface 
(35B8) is prepared according to the technique described 
by Kohler et al . (1975), Nature, 296, 495-497. 

5 

5.1.2. Extraction of the spores 

The proteins from the spore are solubilized by treating 
the spores with a Tris-HCl buffer, at pH 9.8, 
containing 8M of urea and 2% of SDS , or with a 10 mM 
10 Tris buffer at pH 9.5, containing 10 mM of EDTA and 1% 
of SDS , according to the technique described by 
Garcia-Patrone (1995) , Molecular and Cellular Biochem. , 
145, 29-37) . 

15 5.2. Results 

They are illustrated in figure 1 and figure 2. 

The mouse polyclonal serum recognizes 3 protein species 
of respective molecular weights 15 kDa, 30 kDa , 55 kDa 
20 and a protein species of molecular weight greater than 
2 00 kDa (figure 1) . 

The heaviest species is also recognized by the 
monoclonal antibody 3 5B8 and appears to belong to the 
25 exosporium (figure 2A) . 

Specifically, the immunoblot analysis of the exosporium 
proteins shows that the various monoclonal antibodies 
used, including 35B8, recognize a protein species of 
30 molecular weight greater than 200 kDa (figure 2A) . 

It emerges from the above that the vaccine compositions 
according to the invention are capable of allowing 
complete protection both under the conditions for the 
35 human vaccine and under the conditions for the 
veterinary vaccine . 

EXAMPLE 6: Comparison of the efficacy of the vaccine 
compositions according to the invention administered 
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according to protocol No. 1 of example 2, with the PA 
antigen alone, in mice or in guinea pigs: challenge 
with the 9602 strain 

5 A . Swiss mice 

6 . 1 Treatment of animals : 

The injection protocol for each group is as follows: 

two injections of the vaccine compositions 

10 prepared as indicated in point 1.4 in example 1 

are given 15 days apart (DO and D15) , and 
a challenge injection is given on the 3 5th day, 
with the virulent strain 9602 (M. Berthier et al . , 
Lancet, 1996, 347, 9004:828) isolated from a 

15 lethal case of human anthrax, and the virulence of 

which is ten times greater than that of the 17JB 
strain used in the previous examples; said strain 
is injected subcutaneously . 

20 4 groups of animals as defined in example 2 are 
immunized according to this protocol. 

All the groups receive, on the 35th day, as specified 
above, a challenge dose corresponding to 30 times the 

2 5 LD5 0, i.e. 1.5 x 10 4 spores per mouse. 

6.2. Results 

The experiments were repeated 3 times, with different 
preparations, on batches of 6 to 8 mice per point (due 

3 0 to P3 containment) . 



The survival rates are illustrated in table IV below. 
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TABLE IV 



Treatment 


Percentage survival at the 35th 
day and up to the 4 3rd day 


Adjuvant alone 


0% 


PA alone 


0% 


Killed spores alone 


0% 


PA + killed spores 


100% 



B . Guinea pigs 

The experiments were carried out twice, on batches of 5 
5 guinea pigs. The protocol is similar to that used in 
the mice, with the exception of the following points: 
the PA doses are 40 ug per animal, 

the challenge injection is given intramuscularly. 

10 100% survival is obtained for the combination according 
to the invention, which is killed spores + PA versus 
40% in the animals receiving PA alone, which is the 
composition of the conventional vaccine. 

15 6.3. Antibody levels 

These experiments (mice and guinea pigs) were 
accompanied by monitoring of the antibody response by 
ELI SA on serum samples from mice and from guinea pigs. 
The anti-PA antibody titers are high (> 5 000) ; a 

20 response of the same order is detected against spore- 
specific antigens. 

EXAMPLE 7 : Comparison of the efficacy of the vaccine 
compositions according to the invention with the Sterne 
2 5 live vaccine, under the conditions for the vaccine for 
veterinary use as described in example 4 (challenge 
with the 9602 strain) 

The test was carried out on Swiss mice (under the 
30 conditions described in example 4) . The challenge 
injection is given with the 9602 strain (M. Berthier et 
al . , mentioned above) , to mice which have received a 
single injection either of live spores (RPLC2 ) or of 
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the combination according to the invention, which is 
killed spores + PA. The protection efficacy, 83%, is 
identical for both batches . 

5 These results clearly show that it is possible to 
provide 100% protection of mice and guinea pigs with a 
vaccine combination comprising killed spores and the PA 
ant igen . 
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CLAIMS 



1. An acellular immunogenic composition capable of 
inducing an immune response against B. anthracis 
5 infections, characterized in that it comprises: 

a protective antigen (PA) , 

killed, optionally purified, spores obtained 
either from mutant strains of B. anthracis 
carrying one or more mutations chosen from 

10 mutations in at least one gene encoding a 

protein responsible for a toxic effect, in 
B. anthracis , or from mutant strains of 
B . anthracis lacking at least one of the pXOl 
and pX02 plasmids, 

15 combined at least with a pharmaceut ically 

acceptable vehicle. 

2 . The acellular immunogenic composition as claimed 

in claim 1, characterized in that it is capable of 
20 producing antibodies against B . anthracis. 

3 . An acellular vaccine composition against 

B . anthracis, characterized in that it comprises: 
a protective antigen (PA) , 
25 - killed, optionally purified, spores obtained 

either from mutant strains of B. anthracis 
carrying one or more mutations chosen from 
mutations in at least one gene encoding a 
protein responsible for a toxic effect, in 
30 B. anthracis, or from mutant strains of 

B . anthracis lacking at least one of the pXOl 
and pX02 plasmids, 
combined at least with a pharmaceut ically 
acceptable vehicle and with at least one adjuvant. 



35 



The immunogenic composition as claimed in either 
of claims 1 and 2, or the vaccine composition as 
claimed in claim 3, characterized in that it also 
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comprises at least one detoxified exotoxin chosen 
from the group consisting of the lethal factor 
(LF) and the edematogenic factor (EF) , which have 
been detoxified. 

5 

5. The immunogenic composition as claimed in either 
of claims 1 and 2, or the vaccine composition as 
claimed in claim 3, characterized in that the 
spores are derived from a strain of B. anth.ra.cis 

10 chosen from the group consisting of the following 

strains: Sterne 7702, RPLC2 (Collection Nationale 
de Cultures et de Microorganismes [National 
Collection of Cultures and of Microorganisms] held 
by the Institut Pasteur under the number 1-22 70, 

15 dated July 28, 1999) and RP42 (Collection 

Nationale de Cultures et de Microorganismes held 
by the Institut Pasteur under the number 1-22 71, 
dated July 28, 1999) . 

20 6. The immunogenic composition or vaccine composition 
as claimed in any one of claims 1 to 5, 
characterized in that the protective antigen is 
chosen from the group consisting of the purified 
protective antigens derived from any wild-type or 

25 mutated Sterne strain of B. anthracis , and the 

recombinant protective antigens. 

7. The immunogenic composition or vaccine composition 
as claimed in claim 6, characterized in that the 

30 protective antigen is derived from the RP42 strain 

(Collection Nationale de Cultures et de 
Microorganismes [National Collection of Cultures 
and of Microorganisms] held by the Institut 
Pasteur under the number 1-2271, dated July 28, 

35 1999) . 

8. The RPLC2 strain deposited with the Collection 
Nationale de Cultures et de Microorganismes 
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[National Collection of Cultures and of 
Microorganisms] held at the Institut Pasteur under 
the number 1-2270, dated July 28, 1999. 

5 9. The use of at least one antibody directed against 
the spores derived from strains obtained either 
from mutant strains of B. anthracis carrying one 
or more mutations chosen from mutations in at 
least one gene encoding a protein responsible for 
10 a toxic effect, in B. anthracis, or from mutant 

strains of B. anthracis lacking at least one of 
the pXOl and pX02 plasmids, for producing a 
medicinal product capable of inducing passive 
immunization . 

15 

10. A purified antigenic preparation, characterized in 
that it is derived from B . anthracis spores and 
comprises one or more of the exoantigens of 
respective molecular weights 15 kDA, 30 kDA, 
2 0 55 kDA, and greater than 2 00 kDA. 



11 . 



An antibody directed against the antigenic 
preparations as claimed in claim 10. 
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Abstract 



The invention concerns an acellular immunogenic or vaccine composition for 
producing antibodies against Bacillus anthracis comprising a protective antigen 
(PA) and killed and optionally purified spores, obtained from mutating strains of 
Bacillus anthracis and their uses. 
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Declaration and Power of Attorney for Patent Application 
Declaration et Pouvoirs pour Demande de Brevet 
French Language Declaration 



En tant l'inventeur nomme ci apres, je declare 
par Ie present acte que : 

Mon domicile, mon adresse postale et ma 
nationality sont ceux figurant ci-dessous a cole 
de mon nom. 

Je crois etre le premier inventeur original et 
unique (si un seul nom est mentionne ci- 
dessous), ou l'un des premiers co-inventeurs 
originaux (si plusieurs noms sont mentionnes 
ci-dessous) de l'objet revendique, pour lequel 
une demande de brevet a ete deposee 
concernant l'invention intitulee 



As a below named inventor, I hereby declare 
that : 

My residence, post office address and 
citizenship are as stated next to my name. 

I believe I am the original, first and sole 
inventor (if only one name is listed below) or 
an original, first and joint inventor (if plural 
names are listed below) of the subject matter 
which is claimed an for which a patent is 
sought on the invention entitled 

Acellular immunogenic compositions and 
acellular vaccine compositions against 

bacillus anthracis. 



et dont la description est fournie ci-joint a 
moins 

□ ci-joint 

| | a ete deposee le 

sous le numero de demande des 
Etats-Unis ou le numero de demande 
international PCT 

et modifiee le 

(le cas echeant). 

Je declare par le present acte avoir passe en 
revue et compris le contenu de la description 
ci dessus, revendications comprises, telles que 
modifiees par toule modification dont il aura 
ete fait references ci-dessus. 



the specification of which : 

is attached hereto. 

|^<] was filed on 

as United States Application Number or 
PCT International Application Number. 
PCT/FR00/02494 filed on September 8, 2000 

and was amended on 

(if applicable). 

I hereby slate that I have reviewed and 
understand the contents of the above identified 
specification, including the claims, as amended 
by any amendment referred to above. 



Je reconnais devoir divulguer toute 
information pertinente a la brevetabilite, 
comme defini dans le Titre 37, § 1.56 du Code 
federal des reglementations. 



I acknowledge the duty to disclose information 
which is material to patentability as defined in 
Title 37, Code of Federal Regulations,§ 1.56. 
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French Language Declaration 



Je revcndique par le present aclc avoir la pnonte etrangcre, en 
vertu du Titre 35, § 1 19(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur loute demande etrangcre de brevet ou certificat 
d'inventeur ou, en verlu du Titre 35, § 365(a) du meme Code, 
sur toute demande Internationale PCT designant au moins un 
pays autre que les Etals-Unis et figurant ci-dessous et, en 
cochant la case, j'ai aussi indique ci-dessous toute demande 
etrangere de brevet, tout certificat d'inventeur ou loute demande 
internationale PCT ayant dale de depot precedant celle de la 
demande a propos de laquelle une pnonte est rcvendiquee 



Prior Foreign application(s) 

Demande(s) de brevet anteneure(s) dans un autre pays 



(Number) 
(Numero) 



(Country) 
(Pays) 



I hereby claim foreign priority under Title 35, United States 
Code, § 1 19(a)-(d) or § 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below, and have also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on 
which priority is claimed. 

Priority claimed 
Droit de pnonte 
revc ndique 



(Day /Month/Year Filed) 
(Jour/Mois/Anne de depot) 



Yes 
Oui 



□ 

No 
Non 



(Number) 
(Numero) 



(Country) 
(Pays) 



(Day/Month/Year Filed) 
(Jour/Mois/Anne de depot) 



□ 

Yes 
Oui 



n 

No 
Non 



Je revendique par le present actc tout benefice, en vertu du Titre 
35, § 1 19(e) du Code des Etats-Unis, de toute demande de brevet 
provisoire effectuee aux Etats-Unis et figurant ci-dessous. 



I hereby claim the benefit under Title 35, United States Code, § 
119(e) of any United States provisional application(s) listed 
below. 



(Application No ) 
(N° de demande) 



(Filing Date) 
(Date de depot) 



(Application No.) 
(N° de demande) 



(Filing Date) 
(Date de depot) 



Je revendique par le present acte tout benefice, en vertu du Titre 
35, § 120 du Code des Etats-Unis, de toute demande de brevet 
effectuee aux Etats-Unis, ou en vertu du Titre 35. § 365© du 
meme Code, de toute demande Internationale PCT designant les 
Etats-Unis et figurant ci-dessous et, dans la mesure oil l objet de 
chacune des revendications de cette demande de brevet n est pas 
divulgue dans la demande anteneure americaine ou 
internationale PCT. en vertu des dispositions du premier 
paragraphe du Titre 35. S 112 du code des Etats-Unis. je 
reconnais devoir divulguer toute information pertinente a la 
brevetabthte, comme defini dans le Titre 37, S 1.56 du Code 
federal des reglementations. dont j'ai pu disposer entre la date de 
depot de la demande anterieure et la date de depot de la demande 
nationale ou Internationale PCT de la presente demande 



I hereby claim the benefit under Title 35, United States Code, § 
120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed 
below and. insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, I acknowledge 
the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
§ 1 56 which became available between the filing date of the 
prior application and the national or PCT international filing date 
of this application. 



(Application No.) 
(N° de demande) 



(Filing Date) 
(Date de depot) 



(Status) (patented, pending, abandoned) 

(Statut) (brevete, en cours d'examen, abandonne) 



(Application No.) 
(N° de demande) 



(Filing Date) 
(Date de depot) 



(Status) (patented, pending, abandoned) 

(Statut) (brevete, en cours d'examen, abandonne) 



Je declare que par le present acte que toute declaration ci-incluse 
est, a ma connaissance, vendique et que toute declaration 
formulee a partir de renseignements ou de suppositions est tenue 
pour vendique ;et de plus, que toutes ces declarations onl ete 
formulees en sachant que toute fausse declaration volontairc ou 
son equivalent est passible d'unc amende ou d une incarceration, 
ou des deux, en vertu de la section 1001 du Titre 1 8 du Code de 
Etats-Unis, et que de telles declarations volontaircmenl fausscs 
risquent de comprometlre la vabdite de la demande de brevet ou 
du brevet delivre a partir de celle-ci 



1 hebery declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true , and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardise the validity of the application or any patent issued 
thereon 
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French Language Declaration 



POUVOIRS . En tanl que 1'inventeur cite, je designe par la 
presente l'(les) avocals(s) et/ou agent(s) suivant(s) pour qu'ils 
poursuive(nt) la procedure de celle demande de brevet et 
iraite(nt) toute affaire s'y rapportant avec I 'Office des brevets et 
des marquees ■ (mentionner te nom et Ic numero 
d'enregistremenl) 



POWER OF ATTORNEY : As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to persecute 
this application and transact all bussiness in the Patent and 
Trademark Office connected therewith ■ (list name and 
registration number) 



Norman F.Obion, Reg No.^24 J 61Jij_Marvin J. Spivak, Reg No 2j4JM3_iC_]rvin McClelland, Reg No. jnj_24j_Gregory J. Maier, Reg.No 
^25.599 : Arthur I. Neustadt, Reg. No. 24.854 . Richard D. Kelly, Reg. No 27,757 ; James D Hamilton. Reg No 28.421 : Eckhard H. 
Kuesters. Reg No . 28,870. ; Robert T Pous, Reg No _29,099 : Charles L. GhoTz. Reg7No. 26.395 . William E. Beaumont, Reg No 30,996 ; 
Jean-Paul Lavalleye, Reg. No. 31,451 , Stephen G. Baxter. Reg No J4J&4-, Richard L. Treanor. Reg No. 36,379_ ; Stephen P. Weihrouch, 
Reg No _32J29_j John T Goolkasian, Reg. No. 2fiJ^12_Richard L. Cinn, Reg. No 34.305 . Stephen E Lipman, Reg. No. 3 0,011 ; Carl E 
Shlier, Reg No 34.426 . James J Kubaski. Reg No 34_ ; 648j_Richard A Neifeld. Reg No 3.5,299 , J Dereck Mason. Reg. No. 3 5,270 ; 
Surinder Sachar, Reg. No 34,423 , Christina M Gadiano, Reg No._37.628 : Jeffrey B. Mclntyre, Reg No. 36,867 _, William T. Enos. Reg. 
No. 33,128_ LMichael E. McCabe, Jr , Reg. No 37 J82 , Bradley D Lytic. Reg. No. 40,073 ; and Michael R.asey, Reg. No. 40,294, w ith full 
powers of substitution and revocation. ' 



Addresser toute correspondance a 



Send Correspondence to 

OBLON. SFIVAK, McCLELLAND, MAIER _gJjEUSTADT. PC. 

FOURT H FLOOR 

175 5 JEFFERSON DAVIS HIGHWAY 
ARLINGTON. VIRGINIA 22202 U.S A. 



Adresser tout appel telephonique a 
(nom et numero de telephone) 



Direct Telephone calls to : (name and telephone number) 
(703) 413-3000 
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Nom complete de I'unique ou premier inventeur 

MOCK Mjyhcly. 


Full name of sole or first inventor 


Signature deJAinventeur f - 

/ \ d - 0 2> 


Date 
OX 


Inventor's signature Date 


Domig/fe 

F-75724 PARIS Cedcx 15 (France) 


Residence 


Nationality 

Fran9aise 


Citizenship 


Adresse Postale 

40 boulevard de Reuilly 


Post Office Address 






Nom complete du second co-inventeur. le cas echeant 


Full name of second joint inventor, if any 


Signature de 1'inventeur 


Date 


Second inventor's signature Date 


Domicile 


Residence 


Nationality 

Francaise 


Citizenship 


Adresse Postale 


Post Office Address 






(Fournir les memes renseignemenls et la signature de tout co- 
inventeur supplementaire.) 


(Supply similar information and signature for third and 
subsequent joint inventors.) 
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